Human Growth Hormone (hGH) is a monomeric 22 kilo Dalton (kDa), 191 amino acid protein with an isoelectric point (pI) close to pH 5, produced in the anterior pituitary gland. High level production of somatropin (recombinant hGH) is done in Escherichia coli (E. coli) to meet the demand and to avoid possible Creutzfeldt-Jacob disease (CJD). The present study was initiated on the basis of results from post-marketing control of all somatropin preparations on the Norwegian market. The samples consisted of preparations presented as somatropin in solution, and some freeze-dried preparations were also included for comparison. The present study showed a significant degree of degradation of somatropin in solution. Deamidation increased over time for preparations in solution, as well as for freeze-dried preparations after dissolution. Preparations in solution showed high content of deamidated and cleaved forms. Freeze-dried preparations after dissolution and storage showed high content of deamidated forms, but low content of cleaved forms. Also, in one preparation, an unknown peak was detected in the electropherogram from capillary zone electrophoresis (CZE), eluting after the principal peak, in front of the Gln-18 somatropin peak. a
Introduction
Mammalian growth hormones (GH) are heterogeneous proteins consisting of several isoforms and variants. The sources of the variety in forms reside at the level of the genome, mRNA splicing, post-translational modification and metabolism [1] . The 22 kDa form of human GH (hGH), first isolated in 1956 [2] and characterized in 1971 [3] , is the main and most abundant form of GH in the pituitary gland. Post-translational modifications of 22 kDa GH include an amino-acylated form and two deamidated forms [4] . The deamidation occurs at amino acid positions 137 and 152.
There are minor differences in somatogenic and metabolic bioactivity among the GH variants, depending on species and assay systems used. The deamidated and acylated forms have similar growth-promoting and diabetogenic activity in rodents [1] , and also in an in vitro cell proliferation assay. However, there is limited information available concerning the distribution of the biological activities of GH among the different variants. This is mainly due to the unavailability of these variants in pure form.
The different recombinant somatropin (rhGH) preparations on the market are mostly produced in E. coli, however, some of the products are also made in mammalian cell lines. This may confer structural modifications to somatropin preparations other than the ones resulting from production in bacteria.
The prototype of what we today know as a capillary electrophoresis system (CE) was made in 1967 [5] . Electrophoresis in this system was based on a 1-3 mm rotating tube. The rotation was necessary to prevent sedimentation. In 1988 Browniee and Bio-Rad Laboratories introduced commercially available capillary electrophoresis equipment for capillaries <100 µm internal diameter (ID). Five years later there were ten producers of CE equipment world wide.
The following references have demonstrated a great application potential of capillary zone electrophoresis (CZE) for analysis of proteins and polypeptides in general, and for rhGH in particular [6] [7] [8] [9] [10] .
CE was established as an analytical method in the European Pharmacopoeia (Ph. Eur.) in 2001 [11] , and introduced in the monograph erythropoietin (EPO) concentrated solution in 2002 [12] . In 2006, the test for isoform distribution by isoelectric focusing (IEF) in the somatropin monographs was replaced by CZE [13] .
Ph. Eur. describes the reference electropherogram of somatropin chemical reference substance (CRS) batch 2 made in E. coli ( fig. 1 ) with two impurity peaks (I 1 and I 2 ), eluting prior to the principal peak, and at least two peaks (I 3 and I 4 ) eluting after the principal peak. I 2 corresponds to a cleaved form of somatropin, I 3 corresponds to Gln-18 somatropin and peak I 4 corresponds to the deamidated forms, eluting as a doublet. The British Pharmacopoeia (BP) [14] describes three peaks eluting after the principal peak; I 3 , I 4 and I 5 . Ph. Eur. and BP have defined the following limits for these components: Maximum 6.5 % deamidated forms; for any other impurity, maximum 2.0 % is allowed of each, and maximum 11.5 % of total impurities (I Total ). The present study was initiated on the basis of results from post-marketing control at the Norwegian Medicines Agency (NoMA) of all somatropin preparations available on the Norwegian market, sampled by the end of 2007. The samples consisted of preparations presented as somatropin in solution as well as freeze-dried preparations intended for reconstitution immediately before use, the latter corresponding to the Ph. Eur. monograph somatropin for injection [13] .
The analytical results complied with the specifications of the Ph. Eur., except for the content of deamidated forms. At about one year before expiry date, the batches with somatropin in solution had an estimated content of desamido somatropin just above the limit of 6.5 % of the Ph. Eur. However, these results could not be considered as out of specification (OOS) results, because the Ph. Eur. monograph is not representative for the concerned pharmaceutical formulations, and the manufacturers' product specifications did not include the test for charged variants by CZE, nor describes any limit for the content of deamidated forms in their somatropin products.
Obviously, there is a need for a pharmacopoeia monograph on injectable somatropin marketed as a solution. The limits for the content of degradation products and the shelf life of the preparation will probably be a matter of consideration for the Ph. Eur. Commission in their work with revision of the somatropin monograph.
In the present study, to investigate the suitability of CZE to study degradation during storage, two brands of somatropin injection in solution available on the Norwegian market were tested. For comparative investigations also samples of the freeze-dried preparations of somatropin were tested at various time points after dissolution. 
Experimental

Chemicals
Handling of samples
Somatropin CRS batch 2, 1.69 mg of somatropin monomer, was dissolved in MQ-H 2 O to a final concentration of 1.0 mg/ml.
Test samples in solution, Norditropin SimpleXx and NutropinAq, were diluted with MQ-H 2 O to a final concentration of 1.0 mg/ml.
Freeze-dried samples were dissolved in their respective solvents and diluted with MQ-H 2 O to a final concentration of 1.0 mg/ml.
All test solutions were kept at 4 o C.
Capillary zone electrophoresis (CZE) of somatropin samples
The BioFocus 3000 Capillary Electrophoresis System with Spectra Software version 3.00, Integration Software version 3.01, and BioFocus Capillary Cartridge from Bio-Rad Laboratories, California, USA, were used for the somatropin analysis. Uncoated fused silica capillaries from Polymicro Technologies, Arizona, USA, 74.8 cm x 50 µm ID (70.1 cm to the detection window) were used for the separation. The CZE experiments were performed in ammonium phosphate buffer 150 mM (19.81 g of (NH 4 ) 2 HPO 4 was dissolved in 950 ml MQ-H 2 O and titrated to pH 6.0 with ortho-Phosphoric acid 85 % and MQ-H 2 O was added to 1000.0 ml). The individual experiments were performed at constant voltage (14 kV), giving a maximum current of 110 µA in the capillary.
All samples were applied hydrodynamically by pressure (2 p.s.i. x 1 s; 1 p.s.i. = 6894.76 Pa) and analysed with polarity from the positive to the negative electrode. The cartridge and the carousel were thermostated at 30 o C and 5 o C, respectively, by the Peltier thermoelectric cooling system with fluorinated liquid.
The washing procedure for the system between each run was as follows; initially, 100 mM sodium hydroxide for 120 s, then MQ-H 2 O for 60 s, then electrophoresis buffer for 300 s, and finally MQ-H 2 O for 0 s. Absorbance was monitored at 200 nm. Tables 1 and 2 give an overview of the somatropin preparations on the Norwegian market. Four preparations are freeze-dried formulations and two are presented as somatropin in solution. All, except one, of the preparations are prepared by recombinant DNA technology using E. coli as the host organism. For one product (Saizen) transformed mammalian cells are utilized. Tables 2.A and B show the composition of each preparation with declaration of ingredients and solvents. Detergents are included in the composition of the somatropin preparations in solution, probably to stabilize the product.
Results and discussion
The distribution of charged variants in the somatropin preparations, as well as in somatropin CRS batch 2 were analysed at various time points after storage at 4 o C. Fig. 2 .A and B show the distribution profiles for somatropin CRS batch 2 solution immediately after preparation and after 285 days, respectively. Particularly, the content of impurity I 4 , corresponding to the deamidated forms, showed a prominent increase during storage at 4 ºC. This is also demonstrated in fig. 3 (the x-axis is not linear). Tables 3.A and B show the content of charged forms for all preparations before and after storage of the test solutions. For all batches, except one, the level of deamidated forms (I 4 ) had raised above or were close to, the limit of 6.5 % defined in the somatropin for injection monograph, indicating a significant degradation. However, this limit is not formally applicable to the preparations of somatropin in solution (Norditropin SimpleXx and NutropinAq), and regarding the freeze-dried somatropin preparations these are not intended for storage after reconstitution. * = Na2HPO4 7H2O, ** = NaH2PO4 H2O, *** = Na2HPO4 2H2O. The degradation of each preparation of somatropin in solution is shown in fig. 4 .A-E. A steady increase in the level of degraded forms of somatropin (desamido forms) is demonstrated over time for all products. For comparison, degradation of each of the reconstituted freeze-dried preparations is shown in fig. 5 .A-F. As might be expected, a more prominent increase in degradation is demonstrated when these preparations are stored in solution at 4 o C. The values estimated for impurities, including the deamidated forms of somatropin may be useful in considerations for setting limits in a pharmacopoeia monograph on somatropin injection. The following estimates for the content of deamidated forms (I 4 ) after storage were obtained for the batches of somatropin preparations in solution marketed in Norway (number of months until expiry date indicated in parenthesis): 9.6 % (0), 10.0 % (2), 3.5 % (3), 6.7 % (8) and 6.2 % (7), see table 3.B. Regarding degradation it has been reported that also the deamidated forms of somatropin have growth promoting activity [1, 15, 16] . Regarding the relatively high content of degraded forms demonstrated in the somatropin preparations, assurance must be established that their activity is qualitatively and quantitatively similar to the activity of the principal form of somatropin, and that no additional unwanted effects are developed. On the other hand it is not acceptable that the active substance of a medicinal product shifts from a pure substance to an inhomogeneous mixture of related chemical entities during its shelf life.
Additional degradation products and also changes in their relative content during storage, have been considered during these stability studies (tables 3.A and B). However, due to batch variations in Norditropin SimpleXx is a complicating factor, and further assessment is needed. Fig . 6 shows the eletropherograms for the initial test solutions of two strengths of a somatropin preparation in solution (Norditropin SimpleXx), and two strengths of one of a freeze-dried preparation (Saizen) before storage, demonstrating the distribution of the charged variants of somatropin. Concerning the latter preparation, an additional peak eluting just after the principal peak, in front of Gln-18 somatropin (I 3 ), was observed. This component, not described in the pharmacopoeias, designated I ? , may be due to the different production method for this somatropin preparation. I1  I2  I3  I4  ITotal   I1  I2  I3  I4  ITotal   I1  I2  I3  I4  ITotal   I1  I2  I3  I4  ITotal   I1  I2  I3  I4 I Total DD (%) DD (%) I1  I2  I3  I4  ITotal   I1  I2  I3  I4  ITotal   I1  I2  I3  I4  ITotal   I1  I2  I?  I3  I4  I5   ITotal   I1  I2  I3  I4  ITotal   ITotal   I1  I2  I?  I3  I4 I5 
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The additional peak seen in fig. 6 .C and D in the rhGH profile from mammalian cells compared to the profiles of somatropin produced in E. coli, might represent a glycosylated form [1, 17] . The existence of a glycosylated variant from the human pituitary gland has previously been shown, probably containing O-linked sugar [17] , and glycosylated forms of both chicken and murine [18, 19] GH have been reported.
Conclusion
The results demonstrate the existence of many rhGH variants in the somatropin preparations on the market. Peaks corresponding to both deamidated, cleaved and also unknown variants are present in the profiles after CZE. In addition an increasing content of modified/degraded forms have been shown in the recombinant somatropin solutions after storage at 4 o C. A pharmacopoeia standard also for somatropin presented as an injection solution, including acceptance limits for the concerned impurities, is needed.
